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Group composition and responsibilities
• Primary responsibility is operation of PHENIX experiment and hosting of activities – e.g, visitor support, 

computing, meetings, publication support – to optimize scientific output of the collaboration.  

• Group leader (Morrison), two deputies (Steinberg, Woody) – work in conjunction with leaders of 
specific activities (e.g, Chiu and O’Brien and Haggerty) to coordinate effort of group and manage 
change 

• Activities directed toward sPHENIX 

• technical crew now working on PHENIX R&R 

• detector prototypes and test beam activities (Woody, Mannel, Stoll, Haggerty, Huang, Purschke, 
Franz, technicians) 

• sPHENIX project management (O’Brien, Haggerty, Sourikova, Lynch) 

• ATLAS HI physics analysis, ZDC project lead (Steinberg, Perepelitsa) 

• Generic R&D (LDRD, EIC R&D):  Woody, Azmoun, Stoll, … 

• Number of scientists, technical staff: FTEs (put in specifics)
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Group representation in leading roles

• PHENIX: former Co-spokesperson (Morrison), Operations 
director (Chiu), Data production manager (Franz), Online 
computing coordinator (Purschke), … 

• sPHENIX: Co-spokesperson (Morrison), Project 
coordinator (O’Brien), Project  

• ATLAS: HI co-convener (Steinberg 10/2016), ZDC lead 
(Steinberg)

(replace with Org charts)
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Operations activities

• add slide from Mickey Chiu about Run-15/16 activities
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Scientific productivity since 2014 S&T review

• 5 IAC spots 

• 8 LOC spots (including conveners at conferences) 

• 45 invited seminars and talks 

• Primary authors on N refereed papers (PHENIX, ATLAS, 
sPHENIX, few author, and community white papers)
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Jet production in d+Au
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• PHENIX Collaboration, Centrality-dependent modification of jet-production rates in 
deuteron-gold collisions at √sNN = 200 GeV, Phys. Rev. Lett. 116 (2016)122301  

• Measurement of nPDF / cold-nuclear matter effects over large kinematic range at 
RHIC 

• First measured jet spectrum in non-p+p collision system at RHIC – finalizes QM’12 
result; observation of qualitatively similar effects to p+Pb data at LHC

Dennis Perepelitsa 
one of primary authors 

Goldhaber Fellow 
BNL ⇒ Colorado
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Possible x-dependent proton size fluctuations
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FIG. 2: (Color online) Probability of a hard process corre-
sponding to a small � = h�in(x)i / h�ini trigger selection rela-
tive to that for a generic hard processes, as given in Eq. 5 for
!�(x) = 0.1, 0.2. Rhard

⌫ = 1 is the expectation of the Glauber
model.
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FIG. 3: (Color online) R

hard
⌫ for pA collisions with x =

Ejet/Ep = 0.6, and � = 0.6 for centrality bins extracted from
the ATLAS data [5] and using ⌫ distributions given by the
CF model [17]. Errors are combined statistical and system-
atic errors. The solid line is the Glauber model expectation.

evaluating the RMS deviation of the data points from
the linear function in the region of the fit were combined
with systematic uncertainties on the data points to yield
total uncertainties. Figure 3 shows that � ⇠ 0.6 gives
a good description of the data at x = 0.6. We empha-
size that a naive interpretation of the data due to jet
energy loss cannot explain either the modification pat-
tern in the centrality-dependent R

hard

⌫

, which features
both enhancement and suppression, or the observation
of Rhard = 1 for inclusive collisions, which follows from
QCD factorization.

Figure 4 shows the predictions of our model for Rhard

⌫

in each centrality bin as a function of �. These predic-
tions could be tested by extending the current analysis
of the LHC pA data to x < 0.6 as well as by analyzing
the RHIC dA data [23]. The magnitude of the deviations
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FIG. 4: (Color online) R

hard
⌫ for di↵erent centralities as a

function of �.

from R

hard

⌫

= 1 increase smoothly with decreasing � < 1.
For larger than average size configurations, correspond-
ing to � > 1, the modification pattern reverses, producing
an enhancement and suppression in central and periph-
eral events respectively.

The agreement of the data for x = 0.6 with our cal-
culation using � = 0.6 has a number of implications. It
demonstrates that large x configurations have a weaker
than average interaction strength. More generally, it
confirms the presence of CF e↵ects in pA interactions
and suggests that they should contribute to the dynam-
ics of central AA collisions [14]. It is in line with the
QCD quark counting rules which assume that large x

partons belong to configurations with a minimal number
of constituents interacting via hard gluon exchanges [20].
However, it is in tension with approaches which neglect
the short range correlations between hadron constituents,
such as the model in [24], and with those in which the
transverse size of the hadron is not squeezed at large x.

To explore the energy dependence of this e↵ect,
the value of � at fixed x can be determined at two
di↵erent energies

p
s1 and

p
s2 through the proba-

bility conservation of P

h

(�):
R
�(

p
s1)

0 P

h

(�,
p
s1)d� =

R
�(

p
s2)

0 P

h

(�,
p
s2) d�. At 30 GeV, � ⇡ 1/4, a factor

of two smaller than at the LHC. This follows from the
fact that in pQCD, the cross-section of small-size con-
figurations grows faster with increasing collision energy
than that of average configurations.

A weaker interaction strength for configurations with
x � 0.5 has implications for our understanding of the
EMC e↵ect. This follows from the analysis of Ref. [21],
in which the Schrodinger equation for the bound state
of the nucleus included a potential term which depends
on the internal coordinates of the nucleons. In this po-
tential, the overall attractive nature of the NN inter-
action results in a smaller binding energy for nucleons
in small configurations. Thus, by the variational princi-
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FIG. 1. (Color Online) The calculated R

p+A

as a func-
tion of x

p

in each centrality bin for p/d/3He+Au com-
pared to the measured R

d+Au

of jets in d+Au collisions atp
sNN = 200 GeV [1].

larger than what could be expected from an impact pa-
rameter dependence of the nuclear parton densities [10].
Finally, while an increase in the soft-particle produc-
tion rate for N+N collisions with a hard-scattering is
expected to bias centrality-dependent measurements of
jet production, measurements of this correlation in p+p

collisions [7, 11] and estimates of their impact in p+A
collisions [7, 12, 13] demonstrate that this e↵ect is small

and in the opposite direction of the observed modifica-
tions.
The magnitude of these modifications can be also ex-

plored through the ratio of the Ncoll-scaled per-event
yield between central and peripheral p+A collisions,

R

CP

=
1/Ncentral

coll

dN

central

/dp

T

1/Nperipheral

coll

dN

peripheral

/dp

T

=
R

central

p+A

R

peripheral

p+A

. (2)

While the R

p+A is necessary to understand the abso-
lute modifications with respect to the expectation from
N+N collisions, the smaller experimental systematic
uncertainties associated with an R

CP

measurement al-
low it to quantify the relative modification between two
p+A event classes more precisely.
A unifying way to understand the central, peripheral,

and MB data together is to hypothesize that jet produc-
tion is unmodified, but the soft-particle production used
to estimate centrality is a↵ected in events with high-p

T

jets. In such an explanation, the overall jet rate is un-
a↵ected when integrated among all types of p+A colli-
sions and is merely redistributed among the centrality
classes, naturally explaining the observed modifications.
Furthermore, the modifications in the data appear only
to depend on the longitudinal momentum of the hard-
scattered parton in the projectile, x

p

, and on no other
kinematic variable. While the R

p+A modifications at

RHIC and the LHC appear at very di↵erent pjet
T

ranges,
they are at similar ranges in x

p

. Additionally, the AT-
LAS R

p+A analysis demonstrated that the results at
multiple rapidity selections have a universal dependence
only on x

p

[2].
A compelling underlying description of such an e↵ect

is that it arises from color fluctuations in the internal
configuration of the projectile nucleon. Since hadrons
are composite objects, their Fock space description is a
distribution over quark-gluon configurations with vary-
ing properties. In hadronic collisions, the di↵erent possi-
ble internal configurations result in event-by-event fluc-
tuations in the e↵ective interaction cross-section [14, 15].
For the hadronic configurations with a large-x

p

parton
available for a hard scattering, the average cross-section
is expected to decrease on general grounds since, for ex-
ample, such configurations have a fewer than average
number of partons [16]. Thus, when passing through a
large nucleus, these weakly interacting or geometrically
“shrinking” configurations interact with fewer nucleons
than an average-sized configuration, resulting in a rel-
ative decrease in the Ncoll distribution for these events
with a large-x

p

scattering parton.
Such an interpretation of the data was first proposed

by the authors of Ref. [17] (and see references therein).
Other authors have described empirical models in which
a similar e↵ect can be achieved through a depletion of
the longitudinal energy of the projectile remnant after
the removal of a high-x

p

parton [18] or from an overall
x

p

-dependent suppression in the soft particle multiplic-
ity per-N+N collision [19]. We do not discuss the merits
of these approaches here, but rather focus on the proton
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FIG. 1. (Color Online) The calculated R

p+A

as a func-
tion of x

p

in each centrality bin for p/d/3He+Au com-
pared to the measured R

d+Au

of jets in d+Au collisions atp
sNN = 200 GeV [1].

larger than what could be expected from an impact pa-
rameter dependence of the nuclear parton densities [10].
Finally, while an increase in the soft-particle produc-
tion rate for N+N collisions with a hard-scattering is
expected to bias centrality-dependent measurements of
jet production, measurements of this correlation in p+p

collisions [7, 11] and estimates of their impact in p+A
collisions [7, 12, 13] demonstrate that this e↵ect is small

and in the opposite direction of the observed modifica-
tions.
The magnitude of these modifications can be also ex-

plored through the ratio of the Ncoll-scaled per-event
yield between central and peripheral p+A collisions,
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While the R

p+A is necessary to understand the abso-
lute modifications with respect to the expectation from
N+N collisions, the smaller experimental systematic
uncertainties associated with an R

CP

measurement al-
low it to quantify the relative modification between two
p+A event classes more precisely.
A unifying way to understand the central, peripheral,

and MB data together is to hypothesize that jet produc-
tion is unmodified, but the soft-particle production used
to estimate centrality is a↵ected in events with high-p

T

jets. In such an explanation, the overall jet rate is un-
a↵ected when integrated among all types of p+A colli-
sions and is merely redistributed among the centrality
classes, naturally explaining the observed modifications.
Furthermore, the modifications in the data appear only
to depend on the longitudinal momentum of the hard-
scattered parton in the projectile, x

p

, and on no other
kinematic variable. While the R

p+A modifications at

RHIC and the LHC appear at very di↵erent pjet
T

ranges,
they are at similar ranges in x

p

. Additionally, the AT-
LAS R

p+A analysis demonstrated that the results at
multiple rapidity selections have a universal dependence
only on x

p

[2].
A compelling underlying description of such an e↵ect

is that it arises from color fluctuations in the internal
configuration of the projectile nucleon. Since hadrons
are composite objects, their Fock space description is a
distribution over quark-gluon configurations with vary-
ing properties. In hadronic collisions, the di↵erent possi-
ble internal configurations result in event-by-event fluc-
tuations in the e↵ective interaction cross-section [14, 15].
For the hadronic configurations with a large-x

p

parton
available for a hard scattering, the average cross-section
is expected to decrease on general grounds since, for ex-
ample, such configurations have a fewer than average
number of partons [16]. Thus, when passing through a
large nucleus, these weakly interacting or geometrically
“shrinking” configurations interact with fewer nucleons
than an average-sized configuration, resulting in a rel-
ative decrease in the Ncoll distribution for these events
with a large-x

p

scattering parton.
Such an interpretation of the data was first proposed

by the authors of Ref. [17] (and see references therein).
Other authors have described empirical models in which
a similar e↵ect can be achieved through a depletion of
the longitudinal energy of the projectile remnant after
the removal of a high-x

p

parton [18] or from an overall
x

p

-dependent suppression in the soft particle multiplic-
ity per-N+N collision [19]. We do not discuss the merits
of these approaches here, but rather focus on the proton

• Alvioli, Cole, Frankfurt, Perepelitsa, Strikman, Evidence for x-dependent proton color 
fluctuations in pA collisions at the CERN Large Hadron Collider, Phys. Rev. C93 (2016) 
011902  
➡ explanation of p+Pb effects at the LHC as arising from “shrinking” or “weakly 

interacting” proton, with quantitative comparison of model to data 
• McGlinchey, Nagle, Perepelitsa, Consequences of high-x proton size fluctuations in 

small collision systems at RHIC, nucl-th/1603.06607, Accepted by Phys. Rev. C 
➡ proposal to test shrinking proton picture with p/d/3He+Au data at RHIC 7



Huang, Kang, Vitev, Xing, PRD 93 (2016)
• Curve:  

Huang, Kang, Vitev, Xing, PRD 93 (2016) 
• Points: Jin’s naïve expectation of STAR 

Run17 projection based on Sivers AN 
projection in RHIC Cold QCD plan

g1T  =

➢ Unique opportunity of probe transversal helicity g1T via parity violating single 
transverse spin asymmetry. With Sivers measurements, comprehensive tests the 
universality properties of TMDs, constrains the TMD evolution effects

➢ Within TMD factorization formalism, we presented 
the cross sections for weak boson production in 
polarized pp collisions. And estimated the spin 
asymmetries at the top RHIC energy.

Jin Huang
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Experimental outlook: RHIC/STAR W in Run 2017
p↑p → W + X → (e+ν)+X, transversely polarized p+p collision @ √s = 510 GeV

Sign change? Universal?

Similar scale of evolution?

Im(S * P) Re(S * P)

STAR projection in  
RHIC cold-QCD WP 

P-conserving AN P-violating AN

Measured at same time

Modified universality  
for off-diagonal TMD

Model relation to OAM

Study evolution for TMD

W+

W-

g1T  =f 1T
⊥ =

Probing TMD PDFs

• Curve: Huang, Kang, Vitev, Xing, PRD 93 (2016) 
• Points: Jin’s naïve expectation of STAR Run17 

projection based on Sivers AN projection in RHIC 
Cold QCD plan
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Net charge fluctuations
“Measurement of higher cumulants of net-charge multiplicity distributions in 
Au+Au collisions at √sNN = 7.7–200 GeV”, Phys. Rev. C 93, 011901(R) 2016


(primary authors include Jeff Mitchell, Mike Tannenbaum)

RAPID COMMUNICATIONS

A. ADARE et al. PHYSICAL REVIEW C 93, 011901(R) (2016)

Taylor series expansion around vanishing chemical potentials,
the cumulants of charge fluctuations are sensitive indicators for
the occurrence of a transition from the hadronic to QGP phase
[13,14]. Typically, the variances of net-baryon, net-charge,
and net-strangeness distributions are proportional to ξ as
σ 2(= C2) = ⟨(δN )2⟩ ∼ ξ 2 [9], where N is the multiplicity,
δN = N − µ, and µ(=C1) is the mean of the distribution.

Recent calculations reveal that higher cumulants of the
fluctuations are much more sensitive to the proximity of the
CEP than earlier measurements using second cumulants σ 2

[12,15]. The skewness S and kurtosis κ are related to the third
and fourth moments S (=C3/C

3/2
2 ) = ⟨(δN )3⟩/σ 3 ∼ ξ 4.5 and

κ(=C4/C2
2 ) = ⟨(δN )4⟩/σ 4 − 3 ∼ ξ 7. The ratio of the various

order n of cumulants Cn and conventional values (µ, σ , S,
and κ) can be related as follows: µ/σ 2 = C1/C2, Sσ =
C3/C2, κσ 2 = C4/C2, and Sσ 3/µ = C3/C1. Because ξ
diverges at the CEP, the ratios of cumulants Sσ and κσ 2

should rise rapidly when approaching the CEP [16,17]. The
cumulants of conserved quantities of net baryon, net charge,
and net strangeness obtained from lattice QCD calculations
[13,14,17] and a hadron resonance gas (HRG) model [18]
are related to the generalized susceptibilities of nth order χn

associated with the conserved quantum numbers as µ/σ 2 ∼
χ (1)/χ (2), Sσ ∼ χ (3)/χ (2), Sσ 3/µ ∼ χ (3)/χ (1), and κσ 2 ∼
χ (4)/χ (2). One advantage of measuring µ/σ 2, Sσ , Sσ 3/µ,
and κσ 2 is that the volume dependence of µ, σ , S, and κ
cancel out in the ratios; hence theoretical calculations can be
directly compared with the experimental measurements. These
cumulant ratios can also be used to extract the freeze-out
parameters and the location of the CEP [14]. Net-electric
charge fluctuations are more straightforward to measure
experimentally than net-baryon number fluctuations, which are
partially accessible via net-proton measurement [19]. While
net-charge fluctuations are not as sensitive as net-baryon
fluctuations to the theoretical parameters, both measurements
are desirable for a full understanding of the theory.

We report here precise measurements of the energy and
centrality dependence of higher cumulants of net-charge
multiplicity (&Nch = N+ − N−) distributions measured by
the PHENIX experiment at RHIC in Au + Au collisions at√

s
NN

= 7.7, 19.6, 27, 39, 62.4, and 200 GeV. These measure-
ments cover a broad range of µB in the QCD phase diagram.

The PHENIX detector is composed of two central spec-
trometer arms, two forward muon arms, and global detectors
[20]. In this analysis, we use the central arm spectrometers,
which cover a pseudorapidity range of |η| ! 0.35. Each of the
two arms subtends π/2 radians in azimuth and is designed
to detect charged hadrons, electrons, and photons. For data
taken at

√
s

NN
= 62.4 and 200 GeV in 2010 and 2007,

respectively, the event centrality is determined using the total
charge deposited in the beam-beam counters (BBC), which are
also used for triggering and vertex determination. For lower
energies (

√
s

NN
= 39 GeV and below) the acceptance of the

BBCs (3.0 < |η| < 3.9) are within the fragmentation region,
so alternate detectors must be employed. For data taken at√

s
NN

= 39 and 7.7 GeV in 2010, centrality is determined using
the total charge deposited in the outer ring of the reaction plane
detector (RXNP), which covers 1.0 < |η| < 1.5 [21]. For data
taken at

√
s

NN
= 19.6 and 27 GeV in 2011, the RXNP was

absent, so centrality is determined using the total energy of
electromagnetic calorimeter (EMCal) clusters to minimize the
correlation with the charge of the tracks measured in the same
acceptance. More details on the procedure are given in [22].
The analyzed events for the above mentioned energies are
within a collision vertex of |Zvertex| < 30 cm. The number of
analyzed events are 2M, 6M, 21M, 154M, 474M, and 1681M
for

√
s

NN
= 7.7, 19.6, 27, 39, 62.4, and 200 GeV Au + Au

collisions, respectively.
The number of positively charged N+ and negatively

charged N− particles measured on an event-by-event basis
are used to calculate the net-charge &Nch distributions for
each collision centrality and energy. The charged-particle
trajectories are reconstructed using information from the drift
chamber and pad chambers (PC1 and PC3). A combination
of reconstructed drift-chamber tracks and matching hits in
PC1 are used to determine the momentum and charge of the
particle. Tracks having a transverse momentum between 0.3
and 2.0 GeV/c are selected for this analysis. The ring imaging
Čerenkov detector is used to reduce the electron background
resulting from conversion photons. To further reduce the
background, selected tracks are required to lie within a 2.5σ
matching window between track projections and PC3 hits, and
a 3σ matching window for the EMCal.

Figures 1(a) and 1(b) show &Nch distributions in Au + Au
collisions for central (0%–5%) and peripheral (55%–60%)
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FIG. 1. Uncorrected net-charge &Nch distributions, within |η| !
0.35 for different energies, from Au + Au collisions for (a) central
(0%–5%) and (b) peripheral (55%–60%) centrality. (c)–(f) are
the efficiency corrected cumulants of net-charge distributions as a
function of ⟨Npart⟩ from Au + Au collisions at different collision
energies. Systematic uncertainties on moments are shown for central
(0%–5%) collisions.
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collisions at different collision energies. These !Nch distri-
butions are not corrected for reconstruction efficiency. The
centrality classes associated with the average number of
participants, ⟨Npart⟩, are defined for each 5% centrality bin.
These classes are determined using a Monte-Carlo simulation
based on Glauber model calculations with the BBC, RXNP,
and EMCal detector responses taken into account [22,23].

The !Nch distributions are characterized by cumulants and
related quantities, such as µ, σ , S, and κ , which are calculated
from the distributions. The statistical uncertainties for the
cumulants are calculated using the bootstrap method [24].
Corrections are then made for the reconstruction efficiency,
which is estimated for each centrality and energy using the
HIJING1.37 event generator [25] and then processed through
a GEANT simulation with the PHENIX detector setup. For
all collision energies, the average efficiency for detecting
the particles within the acceptance varies between 65%–72%
and 76%–85% for central (0%–5%) and peripheral (55%–
60%) events, respectively, with a 4%–5% variation as a
function of energy. The efficiency correction applied to the
cumulants is based on a binomial probability distribution for
the reconstruction efficiency [26]. The efficiency corrected
µ, σ , S, and κ as a function of ⟨Npart⟩ are shown in
Figs. 1(c)–1(f).

The µ and σ for net-charge distributions increase with
increasing ⟨Npart⟩, while S and κ decrease with increasing
⟨Npart⟩ for all collision energies. At a given ⟨Npart⟩ value, µ,
S, and κ of net-charge distributions decrease with increasing
collision energy. However, the width σ of net-charge distribu-
tions increases with increasing collision energy indicating the
increase of fluctuations in the system at higher

√
s

NN
.

The systematic uncertainties are estimated by: (1) varying
the Zvertex cut to less than ±10 cm; (2) varying the matching
parameters of PC3 hits and EMCal clusters with the projected
tracks to study the effect of background tracks originating
from secondary interactions or from ghost tracks; (3) varying
the centrality bin width to study nondynamical contributions
to the net-charge fluctuations due to the finite width of the
centrality bins [27–29]; and (4) varying the lower cut. The total
systematic uncertainties estimated for various cumulants for
all energies are: 10%–24% for µ, 5%–10% for σ , 25%–30%
for S, and 12%–19% for κ . The systematic uncertainties are
similar for all centralities at a given energy and are treated as
uncorrelated as a function of

√
s

NN
. For clarity of presentation,

the systematic uncertainties are only shown for central (0%–
5%) collisions.

Figure 2 shows the ⟨Npart⟩ dependence of µ/σ 2, Sσ ,
κσ 2, and Sσ 3/µ[= (Sσ )/(µ/σ 2)] extracted from the net-
charge distributions in Au + Au collisions at different

√
s

NN
.

The results are corrected for the reconstruction efficiencies.
Statistical uncertainties are shown along with the data points.
The systematic uncertainties are constant fractional errors
for all centralities at a particular energy; hence they are
presented for the central (0%–5%) collision data point only.
The systematic uncertainties on these ratios across different
energies varies as follows: 20%–30% for µ/σ 2, 15%–34%
for Sσ , 12%–22% for κσ 2, and 17%–32% for Sσ 3/µ. It is
observed in Fig. 2 that the ratios of the cumulants are weakly
dependent on ⟨Npart⟩ for each collision energy; the values of
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FIG. 2. ⟨Npart⟩ dependence of efficiency corrected (a) µ/σ 2, (b)
Sσ , (c) κσ 2, and (d) Sσ 3/µ of net-charge distributions for Au + Au
collisions at different collision energies. Statistical errors are shown
along with the data points while systematic uncertainties are shown
for (0%–5%) collisions.

µ/σ 2 and Sσ decrease from lower to higher collision energies,
while the κσ 2 and Sσ 3/µ values are constant as a function of√

s
NN

within systematic uncertainties.
The collision energy dependence of µ/σ 2, Sσ , κσ 2 and

Sσ 3/µ of the net-charge distributions for central (0%–5%)
Au + Au collisions are shown in Fig. 3. The statistical and
systematic uncertainties are shown along with the data points.
The experimental data are compared with negative-binomial-
distribution (NBD) expectations, which are calculated by
computing the efficiency corrected cumulants for the measured
N+ and N− distributions fit with NBD’s respectively, which
also describe total charge (N+ + N−) distributions very well
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FIG. 3. The energy dependence of efficiency corrected (a) µ/σ 2,
(b) Sσ , (c) κσ 2, and (d) Sσ 3/µ of net-charge distributions for
central (0%–5%) Au + Au collisions. The error bars are statistical
and caps are systematic uncertainties. The triangle symbol shows the
corresponding efficiency corrected cumulant ratios for net charge,
from NBD fits to the individual N+ and N− distributions.
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TABLE I. Freeze-out Tf and µB vs
√

s
NN

in the range 27 ! √
s

NN
! 200 GeV. The “PHENIX + Refs. [14,36]” values are from this Rapid

Communication using lattice QCD calculations from Refs. [14,36]; the “PHENIX + Ref. [37]” values use the continuum limit calculations
from Ref. [37]. The “STAR + Ref. [35]” values are the µB values from Ref. [35], which used STAR net-charge cumulant measurements from
Ref. [32] for µB with 140 MeV ! Tf ! 150 MeV, obtained from the STAR net-proton measurement in Ref. [33] by averaging Sσ 3/µ over√

s
NN

= 27, 39, 62.4 and 200 GeV.

√
s

NN
(GeV) PHENIX + Refs. [14,36] PHENIX + Ref. [37] STAR + Ref. [35]

Tf (MeV) µB (MeV) Tf (MeV) µB (MeV) µB (MeV)

27 164 ± 6 181 ± 21 160 ± 6 184 ± 21 136 ± 13.8
39 158 ± 5 114 ± 13 156 ± 5 118 ± 10 101 ± 10
62.4 163 ± 5 71 ± 8 159 ± 5 74 ± 8 66.6 ± 7.9
200 163 ± 8 27 ± 5 159 ± 8 25 ± 7 22.8 ± 2.6

[27,28]. The various order (n = 1, 2, 3, and 4) of net-charge
cumulants from NBD are given as Cn("Nch) = Cn(N+) +
(−1)nCn(N−), where Cn(N+) and Cn(N−) are cumulants of
N+ and N− distributions, respectively [30,31].

The µ/σ 2 and Sσ values in Figs. 3(a) and 3(b), respectively,
both decrease with increasing

√
s

NN
. The NBD expectation

agrees well with the data. The κσ 2 values in Fig. 3(c)
remain constant and positive, between 1.0 < κσ 2 < 2.0 at
all the collision energies within the statistical and systematic
uncertainties. However, there is ∼25% increase of κσ 2

values at lower energies compared to higher energies above√
s

NN
= 39 GeV, which is within the systematic uncertainties.

These data are in agreement with a previous measurement
[32], but provide a more precise determination of the higher
cumulant ratios, verified by the NBD method of correcting
for efficiency, which is simple and analytical for all cumulant
ratios with the standard binomial correction [26]. The Sσ 3/µ
values in Fig. 3(d) remain constant at all collision energies
within the uncertainties and are well described by the NBD
expectation. From the energy dependence of µ/σ 2, Sσ ,
κσ 2, and Sσ 3/µ, no obvious nonmonotonic behavior is
observed. Although both previous measurements by the STAR
Collaboration [32,33] use the pseudorapidity range |η| ! 0.5,
compared to the present measurement spanning |η| ! 0.35,
these measurements are all within the central rapidity region
and are expected to be valid for comparison to lattice QCD
calculations. The efficiency corrected results for the cumulant
ratios µ/σ 2, Sσ , and κσ 2 remain the same within statistics
whether each single arm of the PHENIX central spectrometer
(azimuthal aperture δφ = π/2) or both arms (δφ = π ) are
used. This is a clear verification of the insensitivity of measured
cumulant ratios to volume effects.

The precise measurement of both µ/σ 2 and Sσ 3/µ in
the present study allows both µB and Tf to be determined,
unlike a previous calculation in Refs. [35,37], which was
only able to use the µ/σ 2 measurement from Ref. [32]. The
comparison of Sσ 3/µ for different

√
s

NN
with the lattice

calculations {Fig. 3(b) in Refs. [14,36]} enables us to extract
the chemical freeze-out temperature Tf . Furthermore, µB can
be extracted by comparing the measured µ/σ 2 ratios with the
lattice calculations of R12 = µ/σ 2 {Fig. 3(a) in Refs. [14,36]}.
The extracted Tf and µB values are listed in Table I. The Tf and
µB extracted using the lattice calculations in the continuum
limit from Ref. [37] are also depicted in Table I. The extracted

freeze-out parameters using different lattice results agree very
well. However, the extracted Tf are 2–4 MeV lower using
Ref. [37] than with Refs. [14,36], which is well within the
stated uncertainties. The detailed freeze-out parameter extrac-
tion procedure is given in Refs. [14,35,37]. This is a direct
combination of experimental data and lattice calculations to
extract physical quantities. The

√
s

NN
dependence of µB shown

in Fig. 4 is in agreement with the thermal-statistical analysis
model of identified particle yields [34]. The µB extracted in
the present net-charge measurement and the values reported in
[35] are in agreement within stated uncertainties, with some
tension at

√
s

NN
= 27 GeV. Available lattice results allow

extraction of µB and Tf from
√

s
NN

= 27 GeV and higher
using the present net-charge experimental data. Other recent
calculations [38,39] have used both net-proton and net-charge
measurements to estimate the freeze-out parameters.

In summary, fluctuations of net-charge distributions have
been studied using higher cumulants (µ, σ , S, and κ) for
|η| < 0.35 with the PHENIX experiment in Au + Au collisions
ranging from

√
s

NN
= 7.7 to 200 GeV. The ratios of cumulants

(µ/σ 2, Sσ , κσ 2, and Sσ 3/µ) have been derived from the
individual cumulants of the distributions studied as a function
of ⟨Npart⟩ and

√
s

NN
. The µ/σ 2 and Sσ values decrease with

increasing collision energy and are weakly dependent on

 (GeV) NNs
1 2 3 456 10 2030 100 200

 (
G

eV
)

Bµ

-210

-110

1

Using particle ratios
SIS
AGS
SPS
RHIC

et al.Cleymans 

 Using cumulants
 PHENIX + Lattice
PRL 113, 052301 (2014)

FIG. 4. The energy dependence of the chemical freeze-out pa-
rameter µB . The dashed line is the parametrization given in Ref. [34],
and the SchwerIonenSynchrotron (SIS), Alternating Gradient Syn-
chrotron (AGS), and Super Proton Synchrotron (SPS) data are from
Ref. [34] and references therein.
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uncorrected net 
charge distributions products and ratios of 

cumulants of fully corrected 
distributions – dependence 

on volume drops out

with input from LQCD, 
determine µB and Tf vs √sNN 

with small uncertainties
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sPHENIX physics

• b-tagging, now with full GEANT4 studies (Perepelitsa) 

• EMCal simulations – relevance to Upsilons (Huang) 

• Computational framework and code development 
(Pinkenburg, Purschke, Huang) 

• Possible intermediate tracker (Nouicer) 

• sPHENIX science case (Morrison, Huang, Perepelitsa) 

11



Ultra-peripheral physics in Pb+Pb with ATLAS
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Probing small x parton densities in ultraperipheral AA and
pA collisions at the LHC
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We calculate production rates for several hard processes in ultraperipheral proton-nucleus and nucleus-
nucleus collisions at the LHC. The resulting high rates demonstrate that some key directions in small x research
proposed for HERA will be accessible at the LHC through these ultraperipheral processes. Indeed, these mea-
surements can extend the HERA x range by roughly a factor of 10 for similar virtualities. Nonlinear effects on
the parton densities will thus be significantly more important in these collisions than at HERA.

PACS numbers:

Studies of small x deep inelastic scattering at HERA
substantially improved our understanding of strong in-
teractions at high energies. Among the key findings of
HERA were the direct observation of the rapid growth
of the small x structure functions over a wide range
of virtualities, Q2, and the observation of a significant
probability for hard diffraction consistent with approx-
imate scaling and a logarithmic Q2 dependence (“lead-
ing twist” dominance). HERA also established a new
class of hard exclusive processes – high Q2 vector me-
son production – described by the QCD factorization
theorem and related to generalized parton distributions
in nucleons.

The importance of nonlinear QCD dynamics at small
x is one of the focal points of theoretical activity (see
e.g. Ref. [1]). Analyses suggest that the strength of
the interactions, especially when a hard probe directly
couples to gluons, approaches the maximum possible
strength – the black disk limit – for Q2 ≤ 4 GeV2.
These values are relatively small, with an even smaller
Q2 for coupling to quarks, Q2 ∼ 1 GeV2, making it
difficult to separate perturbative and nonperturbative
effects at small x and Q2. Possible new directions
for further experimental investigation of this regime in-
clude higher energies, nuclear beams and studies of the
longitudinal virtual photon cross section, σL. The latter
two options were discussed for HERA [2, 3]. Unfor-
tunately, it now seems that HERA will stop operating
in two years with no further measurements along these
lines except perhaps of σL. One might therefore expect
that experimental investigations in this direction would
end during the next decade.

The purpose of this letter is to demonstrate that sev-
eral of the crucial directions of HERA research can be

continued and extended by studies of ultraperipheral
heavy ion collisions (UPCs) at the LHC. UPCs are in-
teractions of two heavy nuclei (or a proton and a nu-
cleus) in which a nucleus emits a quasi-real photon
that interacts with the other nucleus (or proton). These
collisions have the distinct feature that the photon-
emitting nucleus either does not break up or only emits
a few neutrons through Coulomb excitation, leaving a
substantial rapidity gap in the same direction. These
kinematics can be readily identified by the hermetic
LHC detectors, ATLAS and CMS. In this paper we
consider the feasibility of studies in two of the direc-
tions pioneered at HERA: parton densities and hard
diffraction. The third, quarkonium production, was dis-
cussed previously [4, 5, 6]. It was shown that pA and
AA scattering can extend the energy range of HERA,
characterized by √

sγN , by about a factor of 10 and,
in particular, investigate the onset of color opacity for
quarkonium photoproduction.
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−

FIG. 1: Diagram of dijet production by photon-gluon fusion
where the photon carries momentum fraction x1 while the
gluon carries momentum fraction x2.
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Pb

Pb

Pb
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µ−

Pb

1

324 PHENIX Collaboration / Physics Letters B 679 (2009) 321–329
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Fig. 1. Lowest order Feynman diagrams for exclusive photoproduction of (a) J/ψ and (b) dielectrons, in ultra-peripheral Au + Au collisions. The photons to the right of the
dashed line are soft photons that may excite the nuclei but do not lead to particle production in the central rapidity region. Both diagrams contain at least one photon and
occur when the nuclei are separated by impact parameters larger than the sum of the nuclear radii.

18X0) and two sectors of lead-glass Čerenkov calorimeter (PbGl,
9216 modules with 4 cm × 4 cm × 40 cm, 14.4X0), at a radial dis-
tance of ∼ 5 m from the beam line.

The ultra-peripheral Au + Au events were tagged by neutron
detection at small forward angles in the ZDC. The ZDCs [31,32] are
hadronic calorimeters placed 18 m up- and down-stream of the
interaction point that measure the energy of the neutrons coming
from the Au⋆ Coulomb dissociation with ∼ 20% energy resolution
and cover |θ | < 2 mrad, which is a very forward region.3

The events used in this analysis were collected with the UPC
trigger set up for the first time in PHENIX during the 2004 run
with the following characteristics:

(1) A veto on coincident signals in both Beam–Beam Coun-
ters (BBC, covering 3.0 < |η| < 3.9 and full azimuth) selects
exclusive-type events characterised by a large rapidity gap on
either side of the central arm.

(2) The EMCal-Trigger (ERT) with a 2×2 tile threshold at 0.8 GeV.
The trigger is set if the analog sum of the energy deposit in a
2×2 tile of calorimeter towers is above threshold (0.8 GeV).

(3) At least 30 GeV energy deposited in one or both of the ZDCs is
required to select Au + Au events with forward neutron emis-
sion (Xn) from the (single or double) Au⋆ decay.

The BBC trigger efficiency for hadronic Au + Au collisions is
92 ± 3% [33]. A veto on the BBC trigger has an inefficiency of 8%,
which implies that the most peripheral nuclear reactions could be
a potential background for our UPC measurement if they happen
to have an electron pair in the final state. An extrapolation of the
measured p–p dielectron rate [34] at minv > 2 GeV/c2 to the 8%
most peripheral interactions – scaled by the corresponding number
of nucleon–nucleon collisions (1.6) – results in a negligible contri-
bution (only 0.4 e+e− pairs). On the other hand, the ERT trigger
requirement (2) has an efficiency of 90 ± 10%, and the require-
ment (3) of minimum ZDC energy deposit(s) leaves about 55% of
the coherent and about 100% of the incoherent J/psi events, as dis-
cussed above. All these trigger efficiencies and their uncertainties
are used in the final determination of the production cross sections
below.

The total number of events collected by the UPC trigger was
8.5 M, of which 6.7 M satisfied standard data quality assurance
criteria. The useable event sample corresponds to an integrated lu-
minosity Lint = 141 ± 12 µb−1 computed from the minimum bias
triggered events.

3 Much larger than the crossing angle of Au beams at the PHENIX interaction
point (0.2 mrad).

3. Data analysis

Charged particle tracking in the PHENIX central arms is based
on a combinatorial Hough transform in the track bend plane (per-
pendicular to the beam direction). The polar angle is determined
from the position of the track in the PC outside the DC and the
reconstructed position of the collision vertex [35]. For central colli-
sions, the collision vertex is reconstructed from timing information
from the BBC and/or ZDC. This does not work for UPC events,
which, by definition, do not have BBC coincidences and often do
not have ZDC coincidences. The event vertex was instead recon-
structed from the position of the PC hits and EMCal clusters as-
sociated with the tracks in the event. This gave an event vertex
resolution in the longitudinal direction of 1 cm. Track momenta
are measured with a resolution δp/p ≈ 0.7% ⊕ 1.0%p[GeV/c] in
minimum bias Au + Au nuclear collisions [36]. Only a negligible
reduction in the resolution is expected in this analysis because of
the different vertex resolution.

The following global cuts were applied to enhance the sample
of genuine γ -induced events:

(1) A standard offline vertex cut |vtxz| < 30 cm was required to
select collisions well centered in the fiducial area of the central
detectors and to avoid tracks close to the magnet poles.

(2) Only events with two charged particles were analyzed. This is
a restrictive criterion imposed to cleanly select “exclusive” pro-
cesses characterised by only two isolated particles (electrons)
in the final state. It allows to suppress the contamination of
non-UPC (mainly beam–gas and peripheral nuclear) reactions
that fired the UPC trigger, whereas the signal loss is small (less
than 5%).

Unlike the J/ψ → e+e− analyses in nuclear Au + Au reactions
[36,37] which have to deal with large particle multiplicities, we
did not need to apply very strict electron identification cuts in the
clean UPC environment. Instead, the following RICH- and EMCal-
based offline cuts were used:

(1) RICH multiplicity n0 !2 selects e± which fire 2 or more tubes
around the track within the nominal ring radius.

(2) Candidate tracks with an associated EMCal cluster with dead
or noisy towers within a 2 × 2 tile are excluded.

(3) At least one of the tracks in the pair is required to pass an
EMCal cluster energy cut (E1 > 1 GeV ∥ E2 > 1 GeV) to select
candidate e± in the plateau region above the turn-on curve of
the ERT trigger (which has a 0.8 GeV threshold).

Beyond those global or single-track cuts, an additional “coherent”
identification cut was applied by selecting only those e+e− candi-

Photon-pomeron:  
production of vector mesons  
(sensitivity to nPDF)

Photo-nuclear:  
jet photoproduction  
(probe nPDF directly)

Photon-photon:  
dilepton production  
(& other exclusive states)

ATLAS HI run 2 exclusive µµ

Strong EM fields, highly contracted:  
source quasi-real photons to 

probe nucleus (& nucleon in p+Pb). 

Possibility of “EIC physics” prior to EIC?
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R&D activities
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Tracking R&D

TPC + Si Vertex Detector 
• Fast, compact TPC with GEM readout 
• ΔR ~ 30-80 cm, L ~ ± 1 m  
• Tdrift ~ 10-20 µsec 
• ~ 40 layers with σ ~ 120 µm per point 
• Total thickness ~ 3% X0 
• Can be reused for eRHIC

sPHENIX requirement driven by measuring Upsilons with Δm/m ~ 100 MeV/c

Investigation of possible 
intermediate silicon strip tracker: 

Hamamatsu sensors being tested Status of R and D of the inner tracker

• S1 sensor prototype (4pcs of 320um and 240um thick) and a mechanical 
samples of the HDI (read-out bus made by YAMASHITA) are now at BNL. 

• Rachid is working to make a sensor module (SM) prototype.
• S1 sensor is 3 times larger than the silicon sensor in our current plan, but 

this prototype provides useful information for the R and D of the inner 
tracker.

SBU+Woody, Azmoun, Sakaguchi

RIKEN+Nouicer
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The sPHENIX Calorimeter Systems

• ± 1.1 in η, 2π in φ 
• Δη x Δφ ≈ 0.025 x 0.025 
• σE/E < 15%/√E

• Plates are tilted to avoid channeling 
• Two longitudinal sections (~ 4.5 λ) 

• Inner HCAL inside magnet 
• Outer HCAL outside magnet 

• Δη x Δφ ≈ 0.1 x 0.1 
• σE/E < 100%/√E (single particle)

EMCAL – Tungsten SciFi SPACAL

HCAL – Steel plates + scintillating tiles 
              with WLS fiber readout

Both EMCAL and HCAL read out with SiPMs

3.5 λ

1.0 λ

18 X0, 1.0 λ

1.4 X0

EMCAL + HCAL ~ 5.5 λtechnicians, Kistenev, Haggerty 15



W/SciFi Modules
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1D Projective

Mesh screens

2D Projective Fiber ends are finished by with 
fly cutting

 Light guides and SiPMs are 
attached to module ends to form 

towers

UIUC+Woody, Stoll



EMCal projectivity

Studying the degree to which a 2D projective calorimeter improves electron ID in HI

Require hadron rejection ~100:1 with electron efficiency ~ 0.7 to identify the Υ with high efficiency

2D projective (equivalent) 1D projective 

Huang
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Radiation Damage in SiPMs
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Damage is caused mainly by neutrons 
(E ~ MeV)

Measure thermal neutron flux in RHIC IR and 
estimate MeV equivalent neutrons using MC 
Estimates in STAR for 2013 run (L=526 pb-1): 
R= 3-8 cm, |Z| < 10 cm : Φeq ~ 8x1010 n/cm2 

R= 100 cm, Z = 675 cm : Φeq  ~ 2.2x1010 n/cm2

Neutron measurements at the Indiana University 
LENS Facility 

Estimated neutron flux in the STAR IR

Measured neutron flux in the PHENIX IR
Shielded against thermal 
neutrons

2 x 109 n/cm2

Haggerty



PHENIX open house

Summer Sunday 2016: 1400 visitorsCloud chambers 
Detector components 

VR headsets

Achim Franz

Work by entire BNL/PHENIX technical crew to set up

Achim Franz

Rob Pisani Craig Woody

Ed Desmond

Eric Mannel
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Students very engaged in science activities

• PHENIX operations – shifts, data monitoring, analysis 

• Wide array of summer R&D work 

• Abeliene Christian University (Rusty Towell and 
students) 

• Howard University (Marcus Alfred and students) 

• Stony Brook University (Spencer Locks (mech. 
engineering), others)
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Summary

• Wide-ranging change underway 

• Scientific staff recently reduced by five FTEs; Goldhaber 
postdoc becoming Asst. Prof. at Colorado  

• Planning for rapid ramp-down in PHENIX operations 
manpower – towards 1.5 FTE 

• Anticipating sPHENIX needs, pivot in group’s direction 

• Significant challenge to maintain group’s scientific prominence 
during this period – aim to hire key postdocs and staff
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